Statement of translational relevance
The International Ovarian Tumor Analysis (IOTA) group has developed two logistic regression models (LR1 and LR2) including clinical and ultrasound variables for calculation of the risk of malignancy in adnexal masses. It has been suggested that LR1 and LR 2 can be used to counsel patients about their individual risk of malignancy and so may have a role in personalized medicine. In this work we found large inter-observer differences (> 25 percentage units) in the calculated risk of malignancy in about 10% of cases. The differences were explained by ultrasound examiners interpreting ultrasound images differently. We suggest measures to improve inter-observer agreement. Until better inter-observer agreement in the calculated risk of malignancy using LR1 and LR2 has been shown one should be cautious with using the risk estimate for individual patient counselling.
Introduction
One of the first successful attempts to use ultrasound to discriminate between benign and malignant adnexal masses was made by Granberg and coworkers (1) . They classified adnexal masses into five categories: unilocular, unilocular solid, multilocular, multilocular solid and solid tumors and found that unilocular cysts, unilocular solid cysts and multilocular cysts were rarely malignant. Later, subjective interpretation of ultrasound images of adnexal masses -pattern recognition -proved to be an excellent method for discriminating between benign and malignant adnexal masses (2) (3) (4) (5) and also for making a specific diagnosis (e.g. endometrioma, hydrosalpinx, etcetera) (3, 6, 7) . As an alternative to pattern recognition, several research teams (8) (9) (10) created logistic regression models including clinical and ultrasound information to calculate the individual risk of malignancy in adnexal masses.
Because of unclear definitions of many of the ultrasound variables included in these models, the International Ovarian Tumor Analysis (IOTA) group suggested standardized terms and definitions to be used when describing ultrasound images of adnexal masses (11) . The IOTA group also created and validated several mathematical models in which these standardized terms and definitions were used to calculate the risk of malignancy for each individual adnexal mass (12) (13) (14) . Of these models, the logistic regression models LR1 and LR2 including 12 and six variables respectively (see Table 1 ), were suggested to be suitable for use in clinical practice (13, 14) . However, even when using standardized terms and definitions, ultrasound examiners may evaluate the features of an adnexal mass differently. There may also be variability in measurement results. This means that the risk of malignancy calculated by LR1 or LR2 may vary both within and between ultrasound examiners. We have shown that this is indeed the case when experienced ultrasound examiners analyze three-dimensional (3D) ultrasound volumes of adnexal masses (15) . However, analysis of 3D ultrasound volumes does not necessarily reflect a situation where live examinations are performed. The aims of this study were to estimate interobserver agreement when live ultrasound scans are performed with regard to 1) describing adnexal masses using the IOTA terminology, 2) the risk of malignancy calculated using the IOTA logistic regression models LR1 and LR2 and 3) to elucidate what explains large interobserver differences in calculated risk of malignancy.
Research. 
Materials and methods
The Ethics Committee of Lund University approved the study protocol. Informed consent was obtained from all participants or participant´s guardian, after the nature of the procedures had been fully explained. This is a prospective observational study of real-time live ultrasound examinations of adnexal masses. Consecutive patients referred for an ultrasound examination and found to have an adnexal mass judged to need surgical removal were scanned according to the research protocol by sonologist 1 (PS) as part of the clinical ultrasound examination. A second ultrasound examination was carried out before surgery by sonologist 2 (LV). Both examiners used the standardized IOTA examination and measurement technique and the IOTA terminology (11) to describe their ultrasound findings and noted their results in a dedicated paper form. Sonologist 2 was blinded to the results of sonologist 1. Information on the clinical variables included in LR1 and LR2 (personal history of ovarian cancer, current hormonal therapy, age of the patient), was obtained at the preoperative ultrasound examination by sonologist 2. All patients were operated on within 90 days after the preoperative ultrasound examination performed by sonologist 2. The excised tissues underwent histological examination and tumors were classified according to the criteria recommended by the International Federation of Gynecology and Obstetrics (16) . Borderline tumors were classified as malignant.
The patients were examined in the lithotomy position with an empty urinary bladder (11).
Abdominal ultrasound examination was added when needed. The ultrasound variables assessed with regard to interobserver reproducibility are shown in Table 1 . The size of the lesion and that of its largest solid component were measured (largest diameter and mean of three orthogonal diameters) using calipers on the frozen ultrasound image. A color score was assigned on the basis of subjective assessment of the color content of the tumor scan at power 
Statistical analysis
The IOTA3 study screen (astraia GMBH, Munich, Germany) was used to calculate the risk of malignancy according to LR1. Weighted Kappa indices were calculated using the statistical Inter-observer reproducibility of measurement results, including the calculated risks of malignancy using LR1 and LR2, was described as the difference between two measurement results. The differences between the measured values were plotted against the mean of the two measurements (Bland-Altman plots) to assess the relationship between the differences and the magnitude of the measurements (20) . Systematic bias between two measurements was estimated by calculating the 95% confidence interval (CI) of the mean difference (mean difference ±2 SE). If zero lay within this interval, no bias was assumed to exist between the two measurements. Inter-observer agreement was expressed as the mean difference and limits of agreement (20) . Ninety-five percent of differences between any future measurements are estimated to fall between the lower and upper limit of agreement. Inter-observer reliability of measurements results was estimated by calculating the intra-class correlation coefficient (ICC) using analysis of variance (two way random model -absolute agreement; this allows generalization of the results to a population of observers). The ICC indicates the proportion of the total variance in measurement results that can be explained by differences between the individuals examined. It depends both on the magnitude of measurement errors and the true heterogeneity in the population in which measurements are made. The more variable the population investigated, the greater the ICC and the less variable the population, the smaller the ICC (21) . It has been suggested that ICC values >0.90 are needed for a test to be used in clinical practice (22) .
The sensitivity and specificity with regard to malignancy of LR1 and LR2, calculated using the information of sonologist 1 and 2, were calculated. 
Results
In all, 117 consecutive women with adnexal masses who underwent surgery were examined with ultrasound by the two sonologists as described above. Thirty-four women had bilateral adnexal masses. The most complex mass -or the largest one, if both masses had similar ultrasound morphology -was used in our statistical analysis, the mass to be included being selected retrospectively to ensure that both sonologists contributed the same mass (right or left) to the analysis. Thus, 117 adnexal masses from 117 patients constitute our study population. The women's age ranged between 14 and 88 years (median 53), and 63 (54%) women were postmenopausal. There were 94 benign, four borderline and 19 invasively malignant adnexal masses ( Table 2 ). Table S1 ).
Inter-observer reproducibility of measurement results is shown in Table 3 . Bland-Altman plots showed no clear trend for inter-observer differences in measurement results to change with the magnitude of the measurement values. Limits of agreement were wide for all measurements. There was one systematic difference between the two sonologists, sonologist 1
(who always performed the first examination) obtaining higher measurement values for the maximum diameter of the mass. The least reliable measurement was the height of the largest papillary projection.
Inter-observer agreement when assessing categorical ultrasound variables is shown in Table   4 . For most categorical ultrasound variables inter-observer agreement beyond chance was good
Research. Bland Altman plots illustrating the relationship between the magnitudes of the estimated risk of malignancy calculated using LR1 and LR2 and the interobserver difference in calculated risk are shown in Figure 1 . The plots manifest a diamond shape, i.e. the interobserver differences are smallest for the lowest and highest risks, and they are very small for risks <2.5% and >95%. Logarithmic transformation of the data (20) did not substantially change the shape of the scatter plot. Therefore, we present our results as absolute interobserver differences in calculated risk (in percentage units), see Table 5 . There were no systematic differences in calculated risks between the two sonologists, and reliability, reflected by the ICC-values, was good (22) percentage units, and in six cases it was >25 percentage units.
The Bland Altman plots (Figure 1 ) illustrate that for some tumors there were substantial interobserver differences in the calculated risk of malignancy: when using LR1 the interobserver difference in calculated risk was >25 percentage units in 11 tumors (9% of all tumors), and when using LR2 the interobserver difference in calculated risk was >25 percentage units in 14 tumors (12% of all tumors). To elucidate which interobserver differences explained these largest interobserver differences in calculated risk we scrutinized each case where the difference was >25 percentage units. The results are shown in Supplementary Tables S2 and S3 . When using LR1, a discrepancy for one single categorical variable explained the difference in four of the 11 cases, while a discrepancy for two categorical variables explained the difference in one case (differences in measurements being <5 mm in these five cases). In six cases, there were differences in one or two categorical variables but also substantial differences (6-61 mm) in at least one measurement result. In no case, was the large difference in calculated risk explained exclusively by differences in measurement results. The categorical variables judged differently by the two sonologists in these 11 cases were color score (n = 5), irregular cyst wall (n = 5), flow in papillary projection (n =3) and acoustic shadowing (n = 2).
When using LR2 a discrepancy for one single categorical variable explained the large difference in calculated risk (>25 percentage units) in eight of the 14 cases (differences in measurements being <5 mm in these eight cases), and in four of the eight cases the sonologists judged acoustic shadowing differently. In five cases there were differences in one categorical 
by the two sonologists in these 14 cases were acoustic shadowing (n = 5), irregular cyst wall (n = 5), ascites (n = 3) and flow in papillary projection (n = 2).
The sensitivity with regard to malignancy when using LR1 (10% risk cutoff) was 100% (23/23, 95% CI 82-100) for both sonologists, the specificity was 74% (70/94, 95% CI 64-82) for sonologist 1 and 63% (59/94, 95% CI 53-72) for sonologist 2. The sensitivity when using LR2 was 100% (23/23 95% CI 82-100) for sonologist 1 and 91% (21/23, 95% CI 72-98) for sonologist 2, and the specificity was 75.5% (71/94, 95% CI 65-84) for both sonologists.
Discussion
We have shown substantial inter-observer variability in the results of measurements taken in adnexal masses (wide limits of agreement). Inter-observer agreement beyond chance was very good or good for most categorical variables, but it was only moderate or fair for some. Interobserver agreement above chance was poorest for variables heavily dependent on subjective evaluation and /or machine settings, i.e. color score, presence of color Doppler signals in papillary projections, irregular cyst walls, acoustic shadowing (all four variables being included in LR1 or LR2), echogenicity of cyst fluid and ovarian crescent sign. Despite this there was good inter-observer agreement when classifying tumors as benign or malignant using the predetermined risk of malignancy cut-off of 10%. However, in some cases there were substantial differences in the calculated risk of malignancy between the two sonologists, the difference being >25.0 percentage units in 9% of all tumors when using LR1 and in 12% of all tumors when using LR2.
The strength of our study is that it provides new information. To the best of our knowledge there is only one publication reporting on interobserver agreement with regard to describing ultrasound findings in adnexal masses using the IOTA terminology (11) when performing live ultrasound examinations (23) . However, that study (23) evaluated interobserver agreement with regard to the ten ultrasound features in the IOTA simple rules (24, 25) , not the variables included in the IOTA logistic regression models LR1 and LR2, and agreement was estimated between examiners with different levels of experience. The variable with poorest agreement beyond chance in the study cited was acoustic shadowing (Kappa 0.36). We have found no published study that has estimated inter-observer reproducibility of the calculated risk of malignancy using LR1 or LR2 after live scanning.
It is a limitation of our study that up to 204 days elapsed between the scans of the two sonologists (up to 41 days for malignant masses). Because days elapsed between the scans, agreement in ultrasound assessment of ovarian masses theoretically, the inter-observer differences could be explained by the lesions having changed in size or morphology between the scans. We find this highly unlikely for the following reasons. First, there was no relationship between the differences in measurement results and the number of days between the scans ( Supplementary Fig. S1-S5) . Nor was there a clear tendency for inter-observer agreement for discrete variables to depend on the time between the scans (Supplementary Table S1 ). Second, one would expect a lesion and its components to increase in size with time, but sonologist 1 performing the first scan obtained higher measurement values than sonologist 2. Third, it is our experience after having performed gynecological scans for more than 20 years that the ultrasound morphology of both benign and malignant adnexal masses remains constant over time, that benign adnexal lesions grow slowly, and that malignant masses do not change appreciably in size even during 1 month of observation. Therefore, we believe, that the discrepancies between the two sonologists reflect true inter-observer differences and not a change of the masses over time. A second limitation is that we did not include estimation of the reproducibility of retrieving anamnestic information (current hormonal therapy, personal history of ovarian cancer), the anamnestic information collected by the second sonologist being used in all cases. It cannot be entirely excluded that patients would answer differently when asked by different sonologists, or that sonologists could interpret the answers of the patients differently. A third limitation is that we did not estimate intra-observer reproducibility. We considered four scans (two per sonologist) likely to be unacceptable to patients. For the same reason, only two sonologists were involved in this study, and our results are generalizable only to sonologists with a similar level of experience.
The results of this live scanning study are similar to those of another study in which the same sonologists assessed the same variables using 3D ultrasound volumes from adnexal masses in another tumor population (15) . The similarity in results between the two studies is surprising, because the conditions when assessing 3D ultrasound volumes are different from Our results showed that two experienced sonologists agreed quite well in their classification of masses as benign or malignant using the 10% risk of malignancy cutoff of LR1 and LR2, and that the diagnostic performance of LR1 and LR2 with regard to discrimination between benign and malignant tumors was similar for the two sonologists and similar to that reported by others (14, (26) (27) (28) . This is reassuring, because the main purpose of using model LR1 and LR2 is to classify tumors as benign or malignant. Potentially, however, LR1 and LR2 can be used not only to classify adnexal masses as benign or malignant but also to counsel a patient about her individual risk of malignancy (13) . If to use the calculated risk for individual counseling one must be reasonably certain not only that the estimated risk agrees well with the true risk (when externally validated both LR1 and LR2 underestimated the true risk especially in the risk interval 30-70% (14), but also that the risk estimates are reproducible, i.e. that different examiners will obtain similar risk estimates. Our results show that risks estimates may differ substantially between experienced observers, the difference in estimated risk being >25.0 percentage units in 9% and 12% of cases when using LR1 and LR2, respectively. Interobserver agreement above chance was poorest for those variables in the models that are heavily dependent on subjective evaluation, i.e. color score, presence of color Doppler signals in papillary projections, irregular cyst walls and acoustic shadowing. Indeed, differences in these 
explained most of the largest inter-observer differences in calculated risk of malignancy. In models based on few variables, changing values in only one variable may result in large differences in predicted risks, while a model with many variables is less vulnerable to a change in one or even few variables. Our results illustrate this (Supplementary Tables S2 and S3 ).
When using LR2 (which includes six variables) a change in value for one single categorical variable explained an inter-observer difference in calculated risk >25 percentage units in eight of 14 cases, while when using LR1 (which includes 12 variables) a change in value for one single categorical variable explained an inter-observer difference in calculated risk >25
percentage units in only four of 11 cases. Acoustic shadowing is a strong variable in both LR1 and LR2 and has great impact on the calculated risk in LR2 with only six variables. In our hands as well as in those of Ruiz de Gauna et al (23) inter-observer agreement for acoustic shadowing was at most moderate. The interobserver agreement for color score was only fair in our study, and color score is an important variable in LR1.
To improve inter-observer reproducibility of calculated risks based on LR1 and LR2, interobserver differences in descriptions and measurements of adnexal masses using the IOTA terminology and measurement technique need to be reduced. One way to achieve this could be by providing courses on and training in how to examine and describe adnexal masses using the IOTA terms. Interactive courses in which a large number of ultrasound images are discussed with the course participants are likely to be very valuable in this respect. More precise definitions of the IOTA terms, for example by providing ample imaging material, would probably also help improve inter-observer agreement. Special attention should be given to the variables with poorest reproducibility, i.e. the color score, wall irregularity, acoustic shadowing and detection of blood flow in papillary projections. Until better inter-observer agreement in the calculated risk of malignancy using LR1 and LR2 has been shown one should be cautious with using the risk estimates for individual patient counselling. 
Diagnosis based on LR1 and LR2
Calculated risk of malignancy using LR1 % ≤10%, >10% Calculated risk of malignancy using LR2 % ≤10%, >10% ___________________________________________________________________________ IOTA, international ovarian tumor analysis group; LR1, logistic regression model 1; LR2, logistic regression model 2 * The risk of malignancy using the LR1 is derived as y =1/(1+e Figure 1 . a) Scatterplot showing the relationship between inter-observer difference (observer 1 minus observer 2) in calculated risk and magnitude of calculated risk when using logistic regression model LR1. The plot manifests a diamond shape, the differences being smallest for the lowest and highest risks. For risks < 2.5% and > 95% the differences are very small. LOA, limits of agreement. b) Scatterplot showing the relationship between inter-observer difference in calculated risk and magnitude of calculated risk when using logistic regression model LR2. The plot manifests a diamond shape, the differences being smallest for the lowest and highest risks.
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